Purpose: The human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome epidemic in the United States is evolving because of factors such as aging and geographic diffusion. Provider shortages are also driving the restructuring of HIV care delivery away from specialized settings, and family medicine providers may play a larger role in the future. We attempted to compare the effectiveness of HIV treatment delivered at community versus hospital care settings.
Health Resources and Services Administration's "Expanding HIV Training into Graduate Medical Education" initiative) are attempting to expand education and address health disparities. 8 -11 The Health Resources and Services Administration reported that community health centers provided care to 94,605 HIV-positive patients in 2011, a 4.4% increase from 2010. 12 In addition, major efforts to better engage and retain people living with HIV (PLWH) in care, such as timely diagnosis and use of community-based settings, are underway. [13] [14] [15] Preliminary studies suggest community-based ambulatory care of PLWH may be comparable to hospital-based ambulatory care. 16, 17 These are important findings given the changing epidemiology of HIV/acquired immunodeficiency syndrome (AIDS), the increasing longevity of PLWH, and multifactorial chronic diseases that contribute to rapidly evolving health care needs. HIV providers are also at risk for "provider burnout," 18 and many longtime HIV providers are expected to retire soon, leaving a significant workforce shortage. 2, 19 HIV treatment in the United States-often based in academic hospitals and centralized around specialized resources-is likely to become integrated into community and primary care health centers, similar to what is done in areas with fewer resources. 20 -23 This can help ensure that the broader needs of an enlarging population are adequately met.
The objectives of the present study were to (1) describe HIV-infected adults followed at academic hospital-based versus community ambulatory care centers participating in a large consortium of HIV care sites, the HIV Research Network (HIVRN) 24 ; and (2) compare the effectiveness of 1-year antiretroviral outcomes between the 2 care settings after controlling for potential confounding variables.
Methods

HIVRN Study Sites and Research Subjects
The HIVRN currently consists of 18 sites (Appendix 1) that provide ambulatory HIV services to adults and children. All HIVRN sites are staffed by HIV experts and see a high volume of HIV-infected patients, ranging from ϳ350 to Ն5000 patients per site. 25 Each site's participation in the HIVRN is approved by their respective institutional review board. Data collected for HIVRN include demographic, clinical, treatment, laboratory, service usage, and vital status information. Data elements are abstracted yearly from medical charts at each site via standardized protocols, deidentified, and submitted to HIVRNЈs Data Coordinating Center. All participating sites are required to submit the same elements.
Community versus Hospital Setting
Community-based sites were community-oriented health centers or integrated health care systems whose primary purpose was to serve residents of the surrounding communities. Hospital sites were mainly academically oriented "teaching" hospitals or hospital systems, although many provided care to residents of the surrounding communities. Hospital sites were typically located within or adjacent to academic hospitals. All hospital-based sites were affiliated with an academic medical center, whereas only 1 community-based site had an academic affiliation. Study authors were blinded to specific location of care.
Antiretroviral Therapy
For the large majority of this study's review period, 3 main classes of antiretroviral therapy (ART) were used: (1) nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs); (2) non-nucleoside reverse transcriptase inhibitors (NNRTIs); and (3) protease inhibitors (PIs). Newer classes of agents, such as entry inhibitors and integrase inhibitors, were approved for use in the late 2000s; until recently, they were generally only used in patients who exhibited treatment failure when receiving the more widely used, "first-line" agents. Combination ART was defined as a regimen with more than 2 drugs that included a PI, NNRTI, entry inhibitor, and/or other cornerstone drug; a regimen was identified as new if it was the start of therapy overall or if there was a change in the cornerstone drug.
Provider Characteristics
Both hospital-and community-based sites were staffed primarily by attending physicians, including infectious disease subspecialists, internal medicine providers with HIV expertise, and family medicine providers with HIV expertise. Specifically, community-based sites were staffed mostly by family medicine providers with HIV expertise and general internists with HIV expertise, although a few had infectious disease subspecialists on staff. In contrast, hospital-based sites were staffed primarily by infectious disease subspecialists. Midlevel providers such as physician assistants and nurse practitioners also provided direct patient care in the 2 settings, if not at every site. Attending physicians and midlevel providers had similar panel sizes (Ͼ100 patients) and patient volume per half-day clinic session. The range of experience was comparable across the sites, from Ͻ5 to Ͼ15 years. More details are provided elsewhere. 25 
Main Outcome Measure
The main outcome for the present study was sustained virologic suppression, defined as achievement of 2 consecutive plasma HIV-1 RNA viral load (VL) measurements Յ400 copies/mL within 1 year after starting any new combination ART regimen (see Appendix 2 for how incomplete VL measurements were handled). Some subjects were receiving multiple regimens during the review period; however, each subject was counted only once as either a treatment success, that is, achievement of sustained virologic suppression as defined above, or a treatment failure. Subjects who achieved sustained virologic suppression on a particular regimen after previous failures were ultimately counted as a treatment success. Subjects receiving multiple regimens who never achieved sustained virologic suppression were counted as failures. In addition, because subjects had VL measured within the scope of routine care-rather than at preset times, as with controlled trials-we examined values up to 14 months after ART initiation. There were no minimum or maximum criteria for time elapsed between the 2 consecutive VLs of Յ400 copies/mL, as long as both occurred within 14 months after initiating ART.
Inclusion/Exclusion Criteria
In this study subjects were HIV-infected adults Ն18 years old who initiated combination ART (cART) while enrolled in care any time between January 1, 2000, and December 31, 2008. Subjects were included if they had at least 1 outpatient medical visit and 1 Cluster of Differentiation 4 (CD4) measurement per year while enrolled in care and if they started a new combination ART regimen for any duration during the review period. Subjects who started cART in 2008 were included if their laboratory data after December 31, 2008, were available for evaluation. Subjects were excluded if they had no CD4 or VL measurements available before the ART start date or after the regimen start date; these subjects were identified as "lost to follow-up." Subjects were also excluded if VL was Յ400 copies/mL before ART. Finally, subjects were excluded if there were fewer than 2 VL measurements during the 12 months after ART initiation. Subjects who died during the study period also were excluded.
Included Sites and Subjects
Fifteen sites treating adult patients were initially included; these sites had complete data available through 2008. Ten sites were hospital-based and 5 were community-based ambulatory care sites. Across these 15 sites, a total of 42,523 subjects were followed by the HIVRN during the period of 2000 to 2008; among this overall cohort, 9473 subjects were not receiving ART or cART, leaving 33,050 (77.8%) subjects receiving cART. Of this population, 5 exclusionary conditions were accounted for: 1140 died; 2035 had actually started cART before the review period and were therefore ineligible for our outcome evaluation; 5256 did not have at least 1 CD4 and VL measurement available before and after the ART start date; 5436 subjects has VL Յ400 copies/mL before treatment; and 4236 had missing or fewer than 2 VL measurements available during the review period after ART initiation. Figure  1 stratifies these numbers by care setting.
After applying the inclusion/exclusion criteria, all subjects from 2 of the original hospital sites were excluded, which resulted in a total of 15,047 subjects from the remaining 13 sites (8 hospital and 5 community sites) for the present study analysis. Specifically, the 15,047 subjects had definite ART treatment outcomes-either sustained VL suppression or treatment failure; 12,733 (84.6%) were seen in academic hospital-based clinics and 2314 (15.4%) were seen in community-based clinics.
Predictor Variable
The predictor variable was the dummy-coded setting of HIV care: community-based or academic hospital-based care setting.
Covariates of Interest
Age at baseline, sex, self-reported race/ethnicity, HIV risk factor(s), CD4 before ART, VL before ART, ART regimen type, and number of outpatient medical visits during the review period (per subject) were evaluated for the multivariate model. HIV risk factor was coded as heterosexual trans-mission; men who have sex with men; injection drug use (IDU), which included IDU in conjunction with other risk factors; or "other," which included unknown risk behavior. Except for subjects with IDU, these risk behaviors were treated as mutually exclusive. Initial CD4 was defined as the first CD4 measurement during the review period. Both CD4 and VL before ART were defined as the most recent CD4 and VL measurements preceding (or on) a regimen start date, respectively. CD4 increase was defined as the difference between CD4 before ART and the maximum CD4 attained after initiating a regimen.
Statistical Analysis
For descriptive statistics, we used percentages, means, and standard deviations stratified by the 2 care settings. Categorical data on demographic and clinical characteristics were compared using 2 tests; continuous data were compared using the Student t test or Wilcoxon rank-sum test, as appropriate. A generalized linear mixed effects logistic model was applied to test the treatment outcomes between the 2 settings; the hospital setting was considered the referent setting. This model takes into account within-site binary outcome correlations for statistical inference by including sites as a random effect. We conducted bivariate analysis comparing success rates of sustained virologic suppression between the care settings using a 2 test. This analysis was followed by multivariate analysis to account for nonrandomized patient allocation, variability in provider/practice type, and differences in subject characteristics, including potential confounding variables that differed significantly between the 2 settings: age at baseline, sex, race/ ethnicity, HIV risk factor, CD4 before ART, log 10 VL before ART, number of outpatient visits during review period, and regimen type. Differences were considered statistically significant at ␣ ϭ 0.05; reported confidence intervals (CIs) are 2-sided. Statistical analysis was conducted using SAS software version 9.13 (SAS Institute, Cary, NC). Specifically, we applied the SAS GLIMMIX macro for the fit of the generalized linear mixed effects logistic model. Table 1 compares demographic, clinical, and health care utilization characteristics for subjects between care settings. There seemed to be no clinically meaningful differences in age between care settings. Initial mean CD4 also did not differ significantly (272 cells/mm 3 for community subjects vs 277 cells/mm 3 for hospital subjects). However, mean CD4 before ART was significantly higher (266 vs 238 cells/mm 3 ; P Ͻ .01) and mean log 10 VL before ART was significantly lower (4.3 vs 4.5; P Ͻ .01) among community subjects.
Results
Subject Characteristics
Treatment Characteristics
PI-based regimens were started more frequently overall (53%) than NNRTI-based combinations Data are n (%) unless otherwise indicated. *P values based on Student t test, Wilcoxon rank-sum test, or Pearson 2 . † Regimens that included at least one non-PI/NNRTI antiretroviral medication were labeled "other," regardless of whether a PI/NNRTI was concurrently prescribed as part of that regimen combination.
‡ Index regimen refers to the regimen that contributed to either sustained virologic suppression or treatment failure; for subjects with multiple occurrences of either outcome, the earliest qualifying regimen was counted as the index regimen. Treatment start and stop dates were submitted by HIVRN study sites. ART, antiretroviral therapy; CD4, Cluster of Differentiation 4; IDU, intravenous drug use; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; NS, not significant; PI, protease inhibitor; SD, standard deviation.
(30%) in both academic hospital-and communitybased settings and at relatively similar frequencies between the 2 care settings. Only 7% of ARTtreated subjects in both settings started regimens containing both a PI and an NNRTI, and even fewer (4%) started regimens containing other cornerstone agents (such as integrase and entry inhibitors). Mean duration of ART for hospital-based subjects was significantly shorter compared with that of community-based subjects (539 vs 633 days; P Ͻ .01). Mean CD4 increase was also significantly smaller for hospital-based subjects compared with that of community-based subjects (197 vs 215 cells/ mm 3 ; P Ͻ .01).
Outcome Comparisons Between Settings
Bivariate analysis revealed that subjects in community-based settings achieved a higher rate of sustained virologic suppression compared with those in the academic hospital-based settings ( Finally, the OR of sustained virologic suppression was higher with higher age and higher CD4 before ART but lower with higher VL before ART; lower VL before treatment is a known predictor of virologic suppression and time to suppression. There were also statistically significant variations in the odds of sustained virologic suppression by race/ ethnicity, HIV risk factor(s), and regimen type. Specifically, subjects who initiated NNRTI-based regimens and regimens based on other classes had significantly higher odds of achieving sustained virologic suppression compared with subjects who initiated PI-based regimens; adjusted ORs for these groups were 1.47 (95% CI, 1.35-1.60) and 2.79 (95% CI, 2.15-3.63), respectively.
Discussion
This study is one of the largest we are aware of comparing virologic outcomes for HIV-infected patients starting combination ART in communityversus academic hospital-based ambulatory care settings across the United States. Our results indi- cate that among the HIVRNЈs multisite cohort, community-based subjects had favorable odds of sustained virologic suppression within 1 year compared with hospital-based subjects. These results build on other studies describing treatment outcomes in community-based and primary care settings. 16, 17, 26 Using data from urban cohorts, other researchers have demonstrated that patients followed by primary care/community-based clinicians achieved relatively high rates of virologic suppression (ϳ60 -70%), similar to specialty/hospitalbased clinics. Virologic suppression rates among our subjects (71% for community-based and 66% for hospitalbased) are also comparable to those reported from Ryan White-funded grantees during the same time frame: 2007 HIVQual-US data indicate 57.6% of patients on ART maintained viral suppression, with an average clinic rate of 56.2% (the lowest-and highest-performing 10% of clinics reported rates of Յ33.3% and Ն75.0%, respectively). 27 The slightly higher rates at HIVRN-affiliated centers (regardless of setting) may be attributed, at least in part, to high levels of provider expertise. These sites may also have access to resources such as adherence counselors, case managers, and/or pharmacy medication management programs. 28 Some of our findings may have special implications for health service delivery. The overall values for initial CD4 and CD4 before ART were alarmingly low for all subjects across both settings-well below recommended levels for ART initiation. 29 This underscores the importance of early HIV diagnosis and successful linkage-to-care programs so that timely treatment can be initiated. Communityand primary care-based settings that offer convenient (ie, co-located) access to HIV treatment soon after diagnosis can potentially help increase the numbers of patients engaged in timely care. Furthermore, only 1 of the 5 HIVRN communitybased sites is affiliated with an academic medical center, whereas all the hospital-based sites are; this suggests that an academic affiliation may not be necessary to deliver high-quality HIV care. Antiretroviral management is arguably the most sophisticated skill maintained by HIV providers and the least easily "systematized"; therefore it is paramount that appropriately trained providers are integrated into all HIV treatment settings to ensure delivery of high-quality care.
We noted that CD4 before ART was lower for hospital-versus community-based subjects (238 vs 266 cells/mm 3 ) despite similar initial CD4 counts. This difference is likely explained by higher VL before treatment among hospital-based subjects and/or unmeasured variables such as active substance use or mental health disorders interfering with treatment initiation, rather than a difference in care quality 30 ; nevertheless, the difference in log 10 VL (4.3 vs 4.5) before treatment between the 2 settings may not be clinically meaningful, even if it is statistically significant. In addition, many patients attending hospital-based settings may have been referred from inpatient units where they exhibited complications of advanced HIV disease or from providers who had reached the limits of their expertise and were uncomfortable managing patients with complex resistance profiles. Though not statistically significant, the overall adjusted OR of virologic suppression favoring community-based sites possibly reflects differences in patient disease severity (as evidenced by CD4 and VL values before treatment) rather than structural differences between the 2 settings; examination of the variance components revealed that between-clinic variation (14%) was smaller than within-clinic variation (86%), suggesting that the outcome variation was more attributable to individual subjects than care settings.
With regard to the types of ART initiated in the 2 settings, there did not seem to be major meaningful differences. Slightly more subjects initiated PI-based combinations in both groups-an unsurprising finding since more than 98% of subjects had experience with antiretrovirals (possibly because a sizeable portion had failed first-line, typically NNRTI-based regimens). Our finding that NNRTI-only regimens had higher sustained suppression (adjusted OR, 1.47) compared with PIonly regimens may be because of the improved adherence with NNRTI-based regimens through decreased pill burden and/or fewer side effects. Since we did not examine specific antiretroviral combinations, however, we cannot make any definitive conclusions about the comparative use of specific regimens in the 2 settings. Finally, the mean length of time on ART was significantly shorter for hospital-based subjects (632.7 vs 538.6 days), which possibly reflects treatment discontinuation by hospital providers because of poor medication adherence and/or identification of treatment resistance.
Further examination is necessary to clarify factors driving these findings, and potential future work involves detailed evaluation of the use of second-/ third-line, etc., combinations and antiretroviral resistance management by providers in different settings. Examining other patient/disease-oriented outcomes for patients followed in these settings (eg, long-term virologic, immunologic, and/or clinical outcomes) may also be worthwhile.
There are some limitations to this study. First, only 5 community-based sites contributed data; our findings should therefore be viewed as somewhat provisional pending a larger sample of communitybased HIV treatment centers. HIVRNЈs community-based sites may not be completely representative of all community-based HIV care because they are located in urban areas, staffed by HIV experts, and see a large volume of HIV-infected patients. Our findings may not generalize to solo or smallgroup practices or treatment programs in rural locations where the model of HIV management may differ from that at the HIVRN sites. Another limitation is that this study involved a secondary data analysis, and some potentially relevant variables (eg, antiretroviral adherence) were not captured. Finally, a large portion of subjects were excluded (27,476 of 42,523, or 65%); however, analysis of the characteristics of the excluded subjects is beyond the scope of this study and may deserve a separate independent study. As with any study, if unmeasured variables contributed to bias or limited the generalizability of this work, our findings should be interpreted cautiously.
Strengths of this work include both the large size of the population and the nature of the subjects. The HIVRN involves a well-studied, multisite cohort that represents a unique group of large-volume, community-based HIV practices, the likes of which will probably increase as HIV care becomes less centralized because of difficulties maintaining hospital/specialty-based practices, particularly because of financial and/or workforce limitations in some areas.
Conclusion
This work supports the potential value of communitybased HIV care by demonstrating that 1-year ART treatment outcomes do not significantly differ between subjects starting ART in community-based versus hospital-based settings. The epidemiology of HIV/AIDS in the United States is rapidly evolving because of several factors, including patient aging, development of chronic comorbidities, and geographic diffusion. 31 Provider shortages are also driving the restructuring of HIV services, and many believe HIV ought to be decentralized, or "mainstreamed" into community/primary careoriented health centers. For example, only ϳ10% of community health centers receive funding through Part C of the Ryan White HIV/AIDS Program. Such restructuring is well aligned with National HIV/AIDS Strategy goals, namely, reducing health disparities and addressing the increasingly complex health care needs of an enlarging HIV-infected population. Our findings have potentially important implications for new policy initiatives to stimulate program development, including the shift of HIV treatment into community-based settings.
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